Optimization, Surface Coating and Pilot Research of Li-rich Mn-based Cathode Material for Li-ion Batteries by 王伟立
学校编码：10384                             分类号       密级         















Optimization, Surface Coating and Pilot Research  
of Li-rich Mn-based Cathode Material 




指导教师姓名：杨 勇 教授 
第二导师姓名：刘新平 高级工程师 
专  业 名 称：化学工程与生物工程 
论文提交日期：2015年 11月 
论文答辩时间：2015年 12月 



























另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的


































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 







                             声明人（签名）： 






























摘要 .................................................... i 
Abstract ............................................... iii 
第一章 绪论 ............................................. 1 
1.1 锂离子电池发展简介 .......................................... 1 
1.1.1 锂离子电池的工作原理 .................................... 1 
1.1.2 锂离子电池的发展历程 .................................... 3 
1.1.3 锂离子电池的应用与展望 .................................. 4 
1.2 主流锂离子电池正极材料简介 .................................. 5 
1.2.1 LiCoO2钴酸锂材料 ....................................... 6 
1.2.2 NCM 三元材料 ........................................... 7 
1.2.3 LiMn2O4 锰酸锂材料 ...................................... 9 
1.2.4 LiFePO4 磷酸铁锂材料 .................................... 10 
1.2.5 LiNi0.5Mn1.5O4高压锂镍锰尖晶石材料 ....................... 11 
1.2.6 (1-x)LiMO2·xLi2MnO3富锂锰基正极材料 .................... 12 
1.3 本论文的研究思路及主要研究内容 ............................. 16 
参考文献...................................................... 17 
第二章 实验仪器和方法 ................................... 21 
2.1 实验材料与设备 ............................................ 21 
2.2 材料合成方法 .............................................. 23 
2.3 仪器表征与测试方法 ........................................ 23 
2.3.1 X-射线衍射技术（XRD） ................................. 23 
2.3.2 扫描电子显微镜技术（SEM） ............................ 23 
2.3.3 电感耦合等离子体原子发射光谱（ICP-AES） ............... 24 
2.3.4 振实密度测试 ........................................... 24 
2.3.5 颗粒粒径测试 ........................................... 25 
2.4 电池制作与电化学性能测试 .................................. 25 
2.4.1 电极制备 ............................................... 25 
2.4.2 电池组装 ............................................... 27 
2.4.3 电化学性能测试 ......................................... 29 
2.4.3.1 扣式电池充放电测试 ................................ 29 
2.4.3.2 软包全电池充放电测试 .............................. 29 
参考文献...................................................... 29 
第三章 层状/岩盐相配比对富锂材料性能的影响 .............. 30 













硕士论文  锂离子电池富锂锰基正极材料优化、包覆改性和中试放大研究  厦门大学  王伟立  2015 
II 
3.2 (1-x)LiNi0.4Co0.2Mn0.4O2·xLi2MnO3的合成方法 ................... 30 
3.3 (1-x)LiNi0.4Co0.2Mn0.4O2·xLi2MnO3的表征 ....................... 32 
3.3.1 (1-x)LiNi0.4Co0.2Mn0.4O2·xLi2MnO3 的 XRD 结构表征 .......... 32 
3.3.2 (1-x)LiNi0.4Co0.2Mn0.4O2·xLi2MnO3 的 SEM 形貌分析 ........... 33 
3.3.3 (1-x)LiNi0.4Co0.2Mn0.4O2·xLi2MnO3 的 ICP-AES 元素测定分析 ... 34 
3.4 (1-x)LiNi0.4Co0.2Mn0.4O2·xLi2MnO3的电化学性能表征 ............. 35 
3.5 本章小结 ................................................... 37 
参考文献...................................................... 37 
第四章 0.45LiNi0.4Co0.2Mn0.4O2·0.55Li2MnO3的包覆改性研究 ... 39 
4.1 引言 ...................................................... 39 
4.2 镍锰氧化物包覆改性富锂材料的合成方法 ....................... 40 
4.3 包覆改性富锂材料的表征 .................................... 41 
4.3.1 包覆改性富锂材料的 XRD 结构表征； ..................... 41 
4.4 包覆改性富锂材料的电化学性能测试 .......................... 43 
4.5 本章小结 .................................................. 48 
参考文献...................................................... 48 
第五章 富锂材料中试放大和高比能量电池制作探索 ........... 50 
5.1 引言 ...................................................... 50 
5.2 公斤级改性富锂材料的合成方法 .............................. 50 
5.3 公斤级改性富锂材料的表征 .................................. 51 
5.3.1 公斤级改性富锂材料的 XRD 结构表征 ...................... 51 
5.3.2 公斤级改性富锂材料的 SEM 形貌表征 ...................... 52 
5.3.3 公斤级改性富锂材料的粒径分析测试 ....................... 53 
5.4 公斤级改性富锂材料的电化学性能表征 ........................ 54 
5.5 本章小结 .................................................. 57 
参考文献...................................................... 58 
第六章 论文的总结与展望 ................................. 60 
攻读硕士期间发表的文章和专利 ............................ 63 


















由于层状富锂锰基正极材料 xLi2MnO3·(1-x)LiMO2（M = Ni, Co, Mn 等）的
实际放电比容量高达 250 mAh/g，且同时具有热稳定性好、成本低以及对环境相
对友好等优点，使得该材料成为高比能量锂离子电池正极材料研究的热点之一。








































的 优 化 ， 我 们 发 现 利 用 0.5%wt 镍 锰 氧 化 物 对 富 锂
0.45LiNi0.4Co0.2Mn0.4O2·0.55Li2MnO3 进行包覆改性，二次烧结在 500°C、3h 条件
下制备的改性富锂材料具有最佳的电化学性能。材料首圈充放电（电流密度
30mAh·g-1，电压区间 2-4.6V），放电容量为 257mAh·g-1，首次充放电效率为
85.2%略有提升；1C 循环充放电（电流密度 200mAh·g-1，电压区间 2-4.6V），
放电容量为 201mAh·g-1，循环 150 圈容量保持率平均 87.1%，循环性能显著改
善。 
最 后 , 我 们 采 用 共 沉 淀 + 喷 雾 干 燥 + 高 温 烧 结 法 合 成 出
0.45LiNi0.4Co0.2Mn0.4O2·0.55Li2MnO3 公斤级的富锂锰基材料，再利用共沉淀+高



























Due to specific capacity of layered Li-rich Mn-based cathodes 
xLi2MnO3·(1-x)LiMO2（M = Ni, Co, Mn, and so on）is higher than 250 mAh/g, 
besides their good thermal stability, low cost and being relative environment-friendly, 
this kind of cathodes gets many concerns as high specific energy cathodes of Li-ion 
batteries. Although Li-rich Mn-based cathodes have large discharge capacity, their 
first irreversible capacity is also large due to the deinserted Li during first charge 
process could not totally insert into lattice. In addition, other factors like the 
irreversible structural change during cycling and the changing of electrode/electrolyte 
interphase result in severe capacity fading and reducing discharge voltage, these 
above all restrict development and application of commercial Li-rich Mn-based 
cathodes. 
In this dissertation, synthetic optimizing and surface coating were used to 
improve electrochemical performance of Li-rich Mn-based cathode 
(1-x)LiNi0.4Co0.2Mn0.4O2·xLi2MnO3, different methods like X-ray Diffraction (XRD), 
Scanning Electron Microscope (SEM), Inductively Coupled Plasma-Atomic Emission 
Spectrometry (ICP-AES), and electrochemical test were used to characterize the 
structure, morphology, and electrochemical performance of this material. The 
kilogram-scale test was used with this Li-rich material after material modification, 
pouch cell was assembled to fully test the electrochemical performance of this Li-rich 
Mn-based cathode.  
First co-precipitation and high-temperature sintering were used to synthesize 
(1-x)LiNi0.4Co0.2Mn0.4O2·xLi2MnO3（ x = 0.4,0.45,0.5,0.55,0.6） with different ratio 
of layer/rock salt phase. XRD and ICP-AES results show the materials all have good 
crystallinity, and materials with different components are corresponding to different 
stoichiometry Li-rich Mn-based solid solutions. SEM result shows different 
components have less influence on particle size and morphology, thus the key factor 
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shows Li-rich material has best performance when x=0.55, which the first discharge 
capacity  is 262 mAh/g, the first columbic efficiency is 85 % at low rate (2-4.6 V, 30 
mAh/g), and the first discharge capacity  is 213 mAh/g, the capacity remains 172 
mAh/g after 120 cycles at high rate (2-4.6 V, 200 mAh/g). 
Co-precipitation and high-temperature sintering were used to synthesize the 
Li-rich Mn-based material with Ni/Mn oxide coating. According to XRD and 
electrochemical test, we found that at the same sintering condition, the higher ratio by 
Ni/Mn oxide coating is, the more obvious that Li-rich layered material turns to spinel 
phase be. Although the first columbic efficiency has been obviously improved, the 
collapse of main structure leads to severe deterioration of electrochemical 
performance, with obviously fading of capacity and cycling stability. At the same ratio 
by Ni/Mn oxide coating, the higher sintering temperature is, the more obvious that 
Li-rich layered material turns to spinel phase be, also leads to severe deterioration of 
electrochemical performance.After formula and synthetic process have been 
optimized, we found that the Li-rich 0.45LiNi0.4Co0.2Mn0.4O2·0.55Li2MnO3 material 
with 0.5 % wt Ni/Mn oxide coating, second sintering condition with 500 °C and 3h 
has the best electrochemical performance. The first discharge capacity is 257 mAh/g, 
the first columbic efficiency is 85.2% at low rate (2-4.6 V, 30 mAh/g), which has been 
slightly improved; The first discharge capacity is 201 mAh/g, the columbic efficiency 
remains 87.1% after 150 cycles at high rate (2-4.6 V, 200 mAh/g), which has been 
obviously improved. 
At last co-precipitation, spray drying and high temperature sintering were used 
to synthesize kilogram-scale Li-rich Mn-based material, then co-precipitation and 
high temperature sintering were used to material modification by surface coating, we 
got the kilogram-scale 0.45LiNi0.4Co0.2Mn0.4O2·0.55Li2MnO3-0.5%wt LiNi0.5Mn1.5O4 
material. XRD pattern shows diffraction peaks of kilogram-scale material are 
corresponding to the peaks of gram-scale material, and no peaks of impurity were 
found in the pattern. SEM imaging and particle size analysis show the primary 
particle size is about 100 nm, the second particle size is about 15 nm, the morphology, 















spray drying. Electrochemical test with full pouch cell shows this Li-riched material 
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结构的 LiCoO2、LiNiO2、LiMnO2 和富锂材料、橄榄石型结构的 LiFePO4 和尖晶
石型结构的 LiMn2O4 等；负极材料通常采用电势相对较低且能够可嵌锂的物质，













































第一章  绪论 
3 
 








纪 50 年代，很多学者就已经开始了对锂电池的研究，进入 70 年代后，锂电池
开始进入商业化应用。锂原电池开发成功后约 10 年左右时间，研究者们便成功
开发出了负极为金属 Li，正极为 Ti2S 的锂二次电池
[8]，之后该种电池经过进一























的 Arman 于 1980 年首次提出[13]。  
同年，由 J.B.Goodenough 教授[14, 15]领导的课题组研究发现了嵌锂性能比较
优异的一系列层状结构化合物 LiMO2 (M=Ni，Co，Mn)。1990 年日本研究学者 
Nagoura 等[16]将 LiCoO2 作为电池正极，石油焦为负极成功制作出锂离子二次电









表 1-1 锂离子电池与铅酸、镍氢、镉镍电池主要性能比较[19] 
性能指标 锂离子电池 铅酸电池 镍氢电池 镉镍电池 
工作电压/V 3.6 2 1.2 1.2 
电池容量 50mAh~50Ah 3Ah~3000Ah 10mAh~3Ah 100mAh~7Ah 
重量比能量/(W 能量
h~7A 
150 35 70 50 
体积比能量/(W 能量
h~7 
450 90 140 100 
充放电寿命/次 500~1000 300~400 300~700 300~600 
自放电率/(%/月) 6~9 5 30~50 25~30 
工作温度/℃ -20~60 -40~60 -40~50 -40~50 
大电流放电性能 较低 高 较低 较高 
记忆效应 无 无 略有 有 
安全性 低 高 较高 较高 
回收循环利用 低 高 低 低 
技术成熟度 一般 高 较高 较高 
成本 高 低 较高 较低 
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